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(57) ABSTRACT

A semiconductor device has a first interconnect structure. A
first semiconductor die has an active surface oriented towards
and mounted to a first surface of the first interconnect struc-
ture. A first encapsulant is deposited over the first intercon-
nect structure and first semiconductor die. A second semicon-
ductor die has an active surface oriented towards and mounted
to a second surface of the first interconnect structure opposite
the first surface. A plurality of first conductive pillars is
formed over the second surface of the first interconnect struc-
ture and around the second semiconductor die. A second
encapsulant is deposited over the second semiconductor die
and around the plurality of first conductive pillars. A second
interconnect structure including a conductive layer and
bumps are formed over the second encapsulant and electri-
cally connect to the plurality of first conductive pillars and the
first and second semiconductor die.

25 Claims, 8 Drawing Sheets




US 9,076,803 B2

Page 2
(51) Imt.ClL (2013.01); HOIL 2924/19041 (2013.01); HOIL
HOIL 29/40 (2006.01) 2924/30105 (2013.01); HOIL 2924/3025
HOIL 21/44 (2006.01) (2013.01); HOIL 2924/01005 (2013.01); HOIL
HO1L 21/48 (2006.01) 2924/01006 (2013.01); HOIL 2924/01074
HOIL 21/50 (2006.01) (2013.01); HOIL 2924/01076 (2013.01); HOIL
HOIL 21/56 (2006.01) ( 2?24/0]322 (2(}13.01);(H0]L 2?24/0]4
2013.01); HOIL 2225/06537 (2013.01); HOIL
Zg;ﬁ ;;Z(;; 888283 2924/13091 (2013.01); HOIL 2225/06548
HOIL 23/538 (2006.01) (2013.01); HOIL 2225/06527 (2013.01); HOIL
HOIL 23/552 (2006.01) 2924/12041 (2013.01); HOIL 23/49811
) (2013.01); HOIL 2924/1306 (2013.01)
HOIL 25/065 (2006.01)
HOIL 23/31 (2006.01) (56) References Cited
HOIL 23/00 (2006.01)
(52) US.CL U.S. PATENT DOCUMENTS
CPC ....... HOIL 2224/18 (2013.01); HOIL 2224/97

(2013.01); HOIL 2225/06513 (2013.01); HOIL
2924/01004 (2013.01); HOIL 2924/01013
(2013.01); HOIL 2924/01029 (2013.01); HOIL
2924/01033 (2013.01); HOIL 2924/01047
(2013.01); HOIL 2924/01073 (2013.01); HOIL
2924/01078 (2013.01); HOIL 2924/01079
(2013.01); HOIL 2924/01082 (2013.01); HOIL
2924/09701 (2013.01); HOIL 2924/15311

5,841,193 A 11/1998 Eichelberger

7,138,064 B2  11/2006 Honda

7,619,901 B2  11/2009 Eichelberger et al.
2004/0195691 Al  10/2004 Moriyasu et al.
2006/0063312 Al 3/2006 Kurita
2007/0001281 Al 1/2007 Ishino et al.
2008/0239686 Al  10/2008 Negishi
2008/0315375 Al  12/2008 Eichelberger et al.
2011/0104852 Al 5/2011 Ishino et al.
2011/0127672 Al 6/2011 Suh






U.S. Patent Jul. 7, 2015 Sheet 2 of 8 US 9,076,803 B2

82 82
l 1 64
)\76 84 76 /Q /
[N I<l _ k\' ] .
74
80~ — 180
78
f 52 |
<R <N
< FIG. 2a ‘P’
62
A\ 100
94 ~ — . 94
//\ N @ % /X
S
1 98 981 J
104~F % 92 v, 104
1 J ’L_/| A |
( 02 52 103 ‘
FIG. 2b
60
\
116 110 58 110

A

E o1 T R

FIG. 2c



U.S. Patent Jul. 7, 2015 Sheet 3 of 8 US 9,076,803 B2

© - g ]
p— -1
SE \ ~— N~
o 4 o 4 o
1« 1« L~ N
o
N~
<t <
o~ o~
w——
NI
© — %e) |
AN AN
— \ ~— \_-
S Q0 Q
o o o
. o
O O S O
Ry Ny B <
o | o || F
b /] ~— d
< <
oY N
— b
ﬁ__/“ g~//
o~
N T | |
~
S S 1M

1221
122-F



US 9,076,803 B2

Sheet 4 of 8

Jul. 7, 2015

U.S. Patent

9zl vl 8z1 9z1 1€ DId 9z vl 8zl owr 9zl
t __ ¢ ¢ - } “ ——
N A
E 1 H I 1 N 1 _mﬂ 1 LW Z/- L /_WH h | \—7 ; __ L N L 1 _/_ _L |\l.vmr
opL  brb 9Fb oyl CvL gy ol 77! Ni @i 3: ol
9zl gzl 9zt 2f& DIHL 9z 8zl owr 9z1
t t t - } ——
R R L 0 Y A A
= _&kﬁ ﬁ&ﬁ %_H_ ,_W _E/_ : /___ | ,__lA_._/ﬂLr? = zgﬁ“%mﬂ_ \n._NM—'
/ K N
9] 9|
[/ ) |/
a 4 4
ol orl orl ovl
9zl 8zl gl P& DIH 9z 8zl owr 9Z1
" — —— ——
\ 7 J R A [ vl m [
[} _&kg ﬁwﬁg ﬁ_a _aw _B %ﬂqﬂﬁ %E : _%H - ._Nm”—.
\ .J/._ L ] N 1l 1
og1 9¢e1



US 9,076,803 B2

Sheet 5 of 8

Jul. 7, 2015

U.S. Patent

@w_ :1 tl mN_ @N_ 1€ ._muNnN @N,_ 7L wm,r ow; @N,_
. _ 7 |  E— 7
Lo Vi L L ATl |
Niaﬂp_%ﬁ nmma&mw e ‘mlwm.um Lﬂ = lﬂrbpk TS e
ori{ SO % ) E@@t@@
261 OFl m/S 2&p ofl 05k ¢, oVl ww_ 2CL Opl 0Sh ¢,
yG1
o vl oz 92l 3¢ DI %zt 1l 0z ow; 92
] ]
\ ] \ \ / ] ! \
L\ ) _/__ S \ N
2o Bt s ao e ISR SR o St
40 NI ) Nz \ ) _/Ni_ m IT-0v!
ohw @WF S“_. vv‘_, wv\_w o_“r wwf owv m,v_, vl Sw; W



U.S. Patent Jul. 7, 2015 Sheet 6 of 8 US 9,076,803 B2
130
160 5
N 126 126
136 C 128 104 147 ) 134
e s e ey B e
L A | [N N | |1?k L 1
| N NN k| W&\V A \IV'Jf) N N N ﬁ - %132
-k N \' 3 /
1407~ 144 147 142 126 124 140
7 W'—' }149
148 150 150
148 152
152 FIG. 4 )
1:&0
162
N 126 126
136 L 128 124 147 ’ 134
%NT“I\ Q B,I_ng\l]?‘l I\k NN \l{\l\ \iNT‘I[\ ‘ ‘1/] 1')1
1 l\l N ‘I\ K| Wé\v |/IL S I\JI\I VV’)‘I) ~N I\I N ]ﬁ = }132
- N
144 147 142 146 144
e A
148 420 140 FIG. 5 8 140 140
130
164 \
N 126 126
136 . 128 124 147 y 134
o L%& A S— J\hma'm i
7T 1A @\% N = P/1| l//‘lD }132
148 Y 142 \' =3
144107 142 126 124
S
180 140 FIG. 6 148 140 45




U.S. Patent Jul. 7, 2015 Sheet 7 of 8 US 9,076,803 B2

130 130
186 % )
136 126 128 14 147 126|134
S mﬁfén e ey e
[ H Nk L 1
| N N@AJ N VI/’, NN A | ﬁ = %132
Ak \ NN /
1407~ 144 147 92 a6 qa0 | Y
7 S
148 148
152 FIG. 7 152
17 174 176 174
N *‘*&”ﬁ s - oy o
[ A Nk
S e STl %172
19504
170~ 126 128 4904 147 1)25 170
s léfg A § L
134/- ] K \ I'Té\\iA-I S K \JV’" AN A | I'\_gg = %132
Al o\ N 4L
1407~ 196 1 104 17 12 146 124 [ 140
f SN i
148 EJ 149

152 FIG. 8 148 152



U.S. Patent Jul. 7, 2015 Sheet 8 of 8 US 9,076,803 B2

182
180 .
N 126 126 10
136 . 128 104 147 ) 134
emest %ﬂ’v oot fq -
N L \‘1 Nk
| N Wé\ \IVI:l A | ﬁ D }132
Ak / \ \' N\ /
1407~ 144 147 122 146 144 B
7 7 7 }
148 184 148 149
152 FIG. 9 152
196
\
202 1%2 194 49 202 “}2 200
\' | N [l . /' \ )l
200~ oy m & mﬁ_@ o H>198
o] mu;umum a
“' j
210 208 208 212 >
214 210 214

FIG. 10



US 9,076,803 B2

1
SEMICONDUCTOR DEVICE AND METHOD
OF DUAL-MOLDING DIE FORMED ON
OPPOSITE SIDES OF BUILD-UP
INTERCONNECT STRUCTURE

CLAIM TO DOMESTIC PRIORITY

The present application is a continuation of U.S. patent
application Ser. No. 13/559,430, now U.S. Pat. No. 8,592,
975, filed Jul. 26, 2012, which is a continuation of U.S. patent
application Ser. No. 13/241,153, now U.S. Pat. No. 8,264,
080, filed Sep. 22, 2011, which is a division of U.S. patent
application Ser. No. 12/540,174, now U.S. Pat. No. 8,039,
304, filed Aug. 12, 2009, which applications are incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device and
method of dual-molding semiconductor die mounted to oppo-
site sides of a build-up interconnect structure in a fan-out
wafer level chip scale package.

BACKGROUND OF THE INVENTION

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the num-
ber and density of electrical components. Discrete semicon-
ductor devices generally contain one type of electrical com-
ponent, e.g., light emitting diode (LED), small signal
transistor, resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions
of electrical components. Examples of integrated semicon-
ductor devices include microcontrollers, microprocessors,
charged-coupled devices (CCDs), solar cells, and digital
micro-mirror devices (DMDs).

Semiconductor devices perform a wide range of functions
such as high-speed calculations, transmitting and receiving
electromagnetic signals, controlling electronic devices, trans-
forming sunlight to electricity, and creating visual projections
for television displays. Semiconductor devices are found in
the fields of entertainment, communications, power conver-
sion, networks, computers, and consumer products. Semicon-
ductor devices are also found in military applications, avia-
tion, automotive, industrial controllers, and office equipment.

Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semicon-
ductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive elec-
trical structures. Active structures, including bipolar and field
effect transistors, control the flow of electrical current. By
varying levels of doping and application of an electric field or
base current, the transistor either promotes or restricts the
flow of electrical current. Passive structures, including resis-
tors, capacitors, and inductors, create a relationship between
voltage and current necessary to perform a variety of electri-
cal functions. The passive and active structures are electri-
cally connected to form circuits, which enable the semicon-
ductor device to perform high-speed calculations and other
useful functions.
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Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end manu-
facturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing
involves the formation of a plurality of die on the surface of a
semiconductor wafer. Each die is typically identical and con-
tains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves sin-
gulating individual die from the finished wafer and packaging
the die to provide structural support and environmental iso-
lation.

One goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be
produced more efficiently. In addition, smaller semiconduc-
tor devices have a smaller footprint, which is desirable for
smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with
smaller, higher density active and passive components. Back-
end processes may result in semiconductor device packages
with a smaller footprint by improvements in electrical inter-
connection and packaging materials.

The electrical interconnection in a fan-out wafer level chip
scale package (FO-WLCSP) containing semiconductor
devices stacked on multiple levels can be accomplished with
conductive through silicon vias (TSV), through hole vias
(THV), or Cu-plated conductive pillars. Vias are formed in
silicon or organic material around the die using laser drilling
or deep reactive ion etching (DRIE). The vias are filled with
conductive material, for example by copper deposition using
an electroplating process, to form the conductive TSVs and
THVs. The TSVs and THVSs further connect through build-up
interconnect structures which are formed across each semi-
conductor die. The TSVs and THVS and build-up intercon-
nect structure have limited input/output (I/0) pin count and
interconnect capability, particularly for FO-WLCSP.

The semiconductor die are typically mounted to one side of
the build-up interconnect structure in the FO-WLCSP. To
accommodate the die, the build-up interconnect structure
must be relatively large, which increases manufacturing cost.
Alternatively, if the die are mounted to both sides of the
build-up interconnect structure, the height of the bumps must
be greater than the height of the upper die in order to bond the
bumps to the build-up interconnect structure. The large height
and corresponding width of the bumps increases the bump
pitch and reduces 1/O pin count, which is counterproductive
for FO-WLCSP.

SUMMARY OF THE INVENTION

A need exists for a higher 1/O pin count in FO-WLCSP.
Accordingly, in one embodiment, the present invention is a
method of making a semiconductor device comprising the
steps of providing a first semiconductor die, depositing an
encapsulant over the first semiconductor die, forming a first
interconnect structure over the first semiconductor die, dis-
posing a second semiconductor component over the first
interconnect structure opposite the first semiconductor die,
and forming a second interconnect structures in a peripheral
region around the second semiconductor component.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of
providing a first semiconductor die, forming a first intercon-
nect structure over the first semiconductor die, disposing a
second semiconductor die over the first interconnect struc-
ture, and forming a second interconnect structure in a periph-
eral region around the second semiconductor die.
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In another embodiment, the present invention is a semicon-
ductor device comprising a first semiconductor die and a
second semiconductor die disposed over and electrically con-
nected to the first semiconductor die. A first interconnect
structure is disposed in a peripheral region around the second
semiconductor die.

In another embodiment, the present invention is a semicon-
ductor device comprising a first semiconductor die and a
second semiconductor die disposed over the first semicon-
ductor die. A first interconnect structure is disposed in a
peripheral region around the second semiconductor die.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a PCB with different types of packages
mounted to its surface;

FIGS. 2a-2c illustrate further detail of the representative
semiconductor packages mounted to the PCB;

FIGS. 3a-3/ illustrate a process of dual-molding semicon-
ductor die mounted to opposite sides of build-up interconnect
structure in a FO-WLCSP;

FIG. 4 illustrates the WLCSP with dual-molded semicon-
ductor die mounted to opposite sides of build-up interconnect
structure;

FIG. 5 illustrates the dual-molded die with conductive
pillars extending from the encapsulant;

FIG. 6 illustrates the dual-molded die with the conductive
pillars recessed with respect to the encapsulant;

FIG. 7 illustrates the dual-molded die with an exposed
backside of the lower and upper semiconductor die;

FIG. 8 illustrates a build-up interconnect structure formed
over upper semiconductor die;

FIG. 9 illustrates an EMI shielding layer formed over upper
semiconductor die; and

FIG. 10 illustrates discrete semiconductor components
mounted to build-up interconnect structure.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention is described in one or more embodi-
ments in the following description with reference to the fig-
ures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as
defined by the appended claims and their equivalents as sup-
ported by the following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufac-
turing and back-end manufacturing. Front-end manufactur-
ing involves the formation of a plurality of die on the surface
of a semiconductor wafer. Each die on the wafer contains
active and passive electrical components, which are electri-
cally connected to form functional electrical circuits. Active
electrical components, such as transistors and diodes, have
the ability to control the flow of electrical current. Passive
electrical components, such as capacitors, inductors, resis-
tors, and transformers, create a relationship between voltage
and current necessary to perform electrical circuit functions.

Passive and active components are formed over the surface
of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the semi-
conductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
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4

conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor mate-
rial conductivity in response to an electric field or base cur-
rent. Transistors contain regions of varying types and degrees
of doping arranged as necessary to enable the transistor to
promote or restrict the flow of electrical current upon the
application of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition
(CVD), physical vapor deposition (PVD), electrolytic plat-
ing, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography, which
involves the deposition of light sensitive material, e.g., pho-
toresist, over the layer to be patterned. A pattern is transferred
from a photomask to the photoresist using light. The portion
of the photoresist pattern subjected to light is removed using
a solvent, exposing portions of the underlying layer to be
patterned. The remainder of the photoresist is removed, leav-
ing behind a patterned layer. Alternatively, some types of
materials are patterned by directly depositing the material
into the areas or voids formed by a previous deposition/etch
process using techniques such as electroless and electrolytic
plating.

Depositing a thin film of material over an existing pattern
can exaggerate the underlying pattern and create a non-uni-
formly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material
from the surface of the wafer and produce a uniformly flat
surface. Planarization involves polishing the surface of the
watfer with a polishing pad. An abrasive material and corro-
sive chemical are added to the surface of the wafer during
polishing. The combined mechanical action of the abrasive
and corrosive action of the chemical removes any irregular
topography, resulting in a uniformly flat surface.

Back-end manufacturing refers to cutting or singulating
the finished wafer into the individual die and then packaging
the die for structural support and environmental isolation. To
singulate the die, the wafer is scored and broken along non-
functional regions of the wafer called saw streets or scribes.
The wafer is singulated using a laser cutting tool or saw blade.
After singulation, the individual die are mounted to a package
substrate that includes pins or contact pads for interconnec-
tion with other system components. Contact pads formed
over the semiconductor die are then connected to contact pads
within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wireb-
onds. An encapsulant or other molding material is deposited
over the package to provide physical support and electrical
isolation. The finished package is then inserted into an elec-
trical system and the functionality of the semiconductor
device is made available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip carrier
substrate or printed circuit board (PCB) 52 with a plurality of
semiconductor packages mounted on its surface. Electronic
device 50 may have one type of semiconductor package, or
multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages
are shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that uses
the semiconductor packages to perform one or more electrical
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functions. Alternatively, electronic device 50 may be a sub-
component of a larger system. For example, electronic device
50 may be a graphics card, network interface card, or other
signal processing card that can be inserted into a computer.
The semiconductor package can include microprocessors,
memories, application specific integrated circuits (ASIC),
logic circuits, analog circuits, RF circuits, discrete devices, or
other semiconductor die or electrical components.

In FIG. 1, PCB 52 provides a general substrate for struc-
tural support and electrical interconnect of the semiconductor
packages mounted on the PCB. Conductive signal traces 54
are formed over a surface or within layers of PCB 52 using
evaporation, electrolytic plating, electroless plating, screen
printing, or other suitable metal deposition process. Signal
traces 54 provide for electrical communication between each
of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide
power and ground connections to each of the semiconductor
packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor
die to an intermediate carrier. Second level packaging
involves mechanically and electrically attaching the interme-
diate carrier to the PCB. In other embodiments, a semicon-
ductor device may only have the first level packaging where
the die is mechanically and electrically mounted directly to
the PCB.

For the purpose of illustration, several types of first level
packaging, including wire bond package 56 and flip chip 58,
are shown on PCB 52. Additionally, several types of second
level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land
grid array (LGA) 66, multi-chip module (MCM) 68, quad flat
non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system
requirements, any combination of semiconductor packages,
configured with any combination of first and second level
packaging styles, as well as other electronic components, can
be connected to PCB 52. In some embodiments, electronic
device 50 includes a single attached semiconductor package,
while other embodiments call for multiple interconnected
packages. By combining one or more semiconductor pack-
ages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing pro-
cess. The resulting devices are less likely to fail and less
expensive to manufacture resulting in a lower cost for con-
sumers.

FIGS. 2a-2¢ show exemplary semiconductor packages.
FIG. 24 illustrates further detail of DIP 64 mounted on PCB
52. Semiconductor die 74 includes an active region contain-
ing analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers
formed within the die and are electrically interconnected
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within
the active region of semiconductor die 74. Contact pads 76 are
one or more layers of conductive material, such as aluminum
(Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements
formed within semiconductor die 74. During assembly of DIP
64, semiconductor die 74 is mounted to an intermediate car-
rier 78 using a gold-silicon eutectic layer or adhesive material
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such as thermal epoxy. The package body includes an insu-
lative packaging material such as polymer or ceramic. Con-
ductor leads 80 and wire bonds 82 provide electrical inter-
connect between semiconductor die 74 and PCB 52.
Encapsulant 84 is deposited over the package for environ-
mental protection by preventing moisture and particles from
entering the package and contaminating die 74 or wire bonds
82.

FIG. 2b illustrates further detail of BCC 62 mounted on
PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant
100 is deposited over semiconductor die 88 and wire bonds 94
to provide physical support and electrical isolation for the
device. Contact pads 102 are formed over a surface of PCB 52
using a suitable metal deposition process such as electrolytic
plating or electroless plating to prevent oxidation. Contact
pads 102 are electrically connected to one or more conductive
signal traces 54 in PCB 52. Bumps 104 are formed between
contact pads 98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2¢, semiconductor die 58 is mounted face down to
intermediate carrier 106 with a flip chip style first level pack-
aging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices, pas-
sive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to PCB
52 with a BGA style second level packaging using bumps
112. Semiconductor die 58 is electrically connected to con-
ductive signal traces 54 in PCB 52 through bumps 110, signal
lines 114, and bumps 112. A molding compound or encapsu-
lant 116 is deposited over semiconductor die 58 and carrier
106 to provide physical support and electrical isolation for the
device. The flip chip semiconductor device provides a short
electrical conduction path from the active devices on semi-
conductor die 58 to conduction tracks on PCB 52 in order to
reduce signal propagation distance, lower capacitance, and
improve overall circuit performance. In another embodiment,
the semiconductor die 58 can be mechanically and electri-
cally connected directly to PCB 52 using flip chip style first
level packaging without intermediate carrier 106.

FIGS. 3a-34 illustrate, in relation to FIGS. 1 and 2a-2¢, a
process of dual-molding semiconductor die mounted to oppo-
site sides of a build-up interconnect structure in a
FO-WLCSP. InFIG. 3a, a wafer-form substrate or carrier 120
contains temporary or sacrificial base material such as silicon,
polymer, polymer composite, metal, ceramic, glass, glass
epoxy, beryllium oxide, or other suitable low-cost, rigid
material or bulk semiconductor material for structural sup-
port. Carrier 120 can be tape. An optional interface layer 122
can be formed over carrier 120 as a temporary bonding film or
etch-stop layer.

In FIG. 34, semiconductor die or components 124 are
mounted to interface layer 122 with contact pads 126 on
active surface 128 oriented toward carrier 120. Active surface
128 contains analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active sur-
face 128 to implement analog circuits or digital circuits, such
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as digital signal processor (DSP), ASIC, memory, or other
signal processing circuit. Semiconductor die 124 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A typical RF system requires multiple
IPDs in one or more semiconductor packages to perform the
necessary electrical functions.

In FIG. 3¢, an encapsulant or molding compound 130 is
deposited over carrier 120 and active surface 128 of semicon-
ductor die 124 using a paste printing, compressive molding,
transfer molding, liquid encapsulant molding, vacuum lami-
nation, spin coating, or other suitable applicator. Encapsulant
130 can be polymer composite material, such as epoxy resin
with filler, epoxy acrylate with filler, or polymer with proper
filler. Encapsulant 130 is non-conductive and environmen-
tally protects the semiconductor device from external ele-
ments and contaminants.

The intermediate structure described in FIGS. 3a-3c is
inverted and carrier 120 and optional interface layer 122 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping, as shown in FIG. 3d. A build-up interconnect struc-
ture 132 is formed over semiconductor die 124 and a surface
of encapsulant 130. The build-up interconnect structure 132
includes an insulating or passivation layer 134 containing one
or more layers of silicon dioxide (SiO2), silicon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide
(Ta205), aluminum oxide (A1203), or other material having
similar insulating and structural properties. The insulating
layer 134 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation.

The build-up interconnect structure 132 further includes an
electrically conductive layer 136 formed in insulating layer
134 using a patterning and deposition process such as PVD,
CVD, sputtering, electrolytic plating, and electroless plating
process. Conductive layer 136 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conduc-
tive material. One portion of conductive layer 136 is electri-
cally connected to contact pads 126 of semiconductor die
124. Other portions of conductive layer 136 can be electri-
cally common or electrically isolated depending on the
design and function of the semiconductor device.

In FIG. 3e, one or more layers of photoresist are deposited
over a surface of build-up interconnect structure 132 opposite
semiconductor die 124. A portion of the photoresist is
exposed and removed by an etch development process to form
vias. Conductive material, such as Al, Cu, Sn, Ni, Au, Ag,
titanium (T1), tungsten (W), solder, poly-silicon, or combina-
tion thereof, is deposited in the vias using a selective plating
process. The photoresist is stripped away leaving behind indi-
vidual conductive pillars 140. In another embodiment, con-
ductive pillars 140 can be formed as stud bumps or stacked
bumps.

In FIG. 3f, semiconductor die or components 142 are
mounted between conductive pillars 140 with contact pads
144 on active surface 146 oriented to the surface of build-up
interconnect structure 132 opposite semiconductor die 124.
Contact pads 144 are electrically connected to conductive
layer 136 with bumps 147. Active surface 146 contains analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the
electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other
circuit elements formed within active surface 146 to imple-
ment analog circuits or digital circuits, such as DSP, ASIC,
memory, or other signal processing circuit. Semiconductor
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die 142 may also contain IPD, such as inductors, capacitors,
and resistors, for RF signal processing.

In FIG. 3g, an encapsulant or molding compound 148 is
deposited over build-up interconnect structure 132 and semi-
conductor die 142 and around conductive pillars 140 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 148 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. Encapsulant
148 is non-conductive and environmentally protects the semi-
conductor device from external elements and contaminants.
Encapsulant 148 is planarized by an etching process to expose
conductive pillars 140.

In another embodiment, semiconductor die or components
142 are mounted with contact pads 144 on active surface 146
oriented to the surface of build-up interconnect structure 132
opposite semiconductor die 124 (without forming conductive
pillars 140). Encapsulant 148 is deposited over build-up inter-
connect structure 132 and semiconductor die 142. A plurality
of vias is formed in encapsulant 148 using laser drilling or
etching process, such as DRIE. The vias are filled with Al, Cu,
Sn, Ni, Au, Ag, titanium (T1), W, poly-silicon, or other suit-
able electrically conductive material using PVD, CVD, elec-
trolytic plating, electroless plating process, or other suitable
metal deposition process to form conductive vias through
encapsulant 148. The conductive vias are electrically con-
nected to contact pads 144.

In FIG. 3/, an interconnect structure 149 is formed over
encapsulant 148 and conductive pillars 140. An electrically
conductive layer 150 is formed using a patterning and depo-
sition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating process. Conductive layer 150
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer
150 operates as an under bump metallization layer (UBM)
and redistribution layer (RDL) for a greater input/output (1/O)
pin count.

An electrically conductive bump material is deposited over
conductive layer 150 and electrically connected to conductive
pillars 140 using an evaporation, electrolytic plating, electro-
less plating, ball drop, or screen printing process. The bump
material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layer 150 using a suitable attachment or bonding
process. In one embodiment, the bump material is reflowed
by heating the material above its melting point to form spheri-
cal balls or bumps 152. In some applications, bumps 152 are
reflowed a second time to improve electrical contact to con-
ductive layer 150. The bumps can also be compression
bonded to conductive layer 150. Bumps 152 represent one
type of interconnect structure that can be formed over con-
ductive layer 150. The interconnect structure can also use
bond wires, stud bump, micro bump, or other electrical inter-
connect.

Semiconductor die 124 are singulated with saw blade or
laser cutting device 154 into individual FO-WLCSP. FIG. 4
shows FO-WLCSP 160 after singulation. Semiconductor die
124 and 142 are mounted to opposite sides of and electrically
interconnected through build-up interconnect structure 132.
By mounting semiconductor die 124 and 142 to opposite
sides of build-up interconnect structure 132, a greater utiliza-
tion of the build-up interconnect structure can be achieved
and its size can be reduced, which saves manufacturing cost.
Encapsulant 130 and 148 are deposited around semiconduc-
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tor die 124 and 142, respectively. Build-up interconnect struc-
ture 132 is electrically connected to RDL 150 and bumps 152
by z-direction interconnect conductive pillars 140, which are
also covered by encapsulant 148. By dual molding of semi-
conductor die 124 and 142 and using conductive pillars 140
for z-direction interconnect and RDL 150 for lateral intercon-
nect, the pitch of bumps 152 is reduced which increases the
1/0 pin count.

FIG. 5 shows FO-WLCSP 162 with conductive pillars 140
extending from encapsulant 148. In this embodiment, encap-
sulant 148 in FIG. 3g is etched back so that conductive pillars
140 protrude from the encapsulant for direct interconnect to
other packages or devices.

FIG. 6 shows FO-WLCSP 164 with a reduced height for
conductive pillars 140. In this embodiment, conductive pil-
lars 140 and a portion of encapsulant 148 away from semi-
conductor die 142 in FIG. 3g are etched back with respect to
a portion of encapsulant 148 over semiconductor die 142 to
reduce the overall height of the FO-WLCSP.

FIG. 7 shows FO-WLCSP 166 with conductive pillars 140
and encapsulant 148 planarized to expose a back surface of
semiconductor die 142. Likewise, encapsulant 130 is pla-
narized to expose a back surface of semiconductor die 124.

FIG. 8 shows FO-WLCSP 168 with conductive pillars 170
formed around semiconductor die 124 and build-up intercon-
nect layer 172 formed over a surface of encapsulant 130. In
this embodiment, one or more layers of photoresist are depos-
ited over carrier 120 prior to depositing encapsulant 130 in
FIG. 3c. A portion of the photoresist is exposed and removed
by an etch development process to form vias. Conductive
material, such as Al, Cu, Sn, Ni, Au, Ag, Ti, W, solder, poly-
silicon, or combination thereof, is deposited in the vias using
a selective plating process. The photoresist is stripped away
leaving behind individual conductive pillars 170. In another
embodiment, conductive pillars 170 can be formed as stud
bumps or stacked bumps. The remainder of the structure is
formed according to FIGS. 3¢-3g.

A build-up interconnect structure 172 is formed over
encapsulant 130 and conductive pillars 170. The build-up
interconnect structure 172 includes an insulating or passiva-
tion layer 174 containing one or more layers of SiO2, Si3N4,
SiON, Ta205, A1203, or other material having similar insu-
lating and structural properties. The insulating layer 174 is
formed using PVD, CVD, printing, spin coating, spray coat-
ing, sintering or thermal oxidation.

The build-up interconnect structure 172 further includes an
electrically conductive layer 176 formed in insulating layer
174 using a patterning and deposition process such as PVD,
CVD, sputtering, electrolytic plating, and electroless plating
process. Conductive layer 176 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conduc-
tive material. One portion of conductive layer 176 is electri-
cally connected to conductive pillars 170. Other portions of
conductive layer 176 can be electrically common or electri-
cally isolated depending on the design and function of the
semiconductor device.

In FIG. 9, FO-WLCSP 180 has shielding layer 182 formed
over semiconductor die 124 and shielding layer 184 formed
over semiconductor die 142. A portion of encapsulant 130 is
removed for shielding layer 182, and a portion of encapsulant
148 is removed for shielding layer 184. Shielding layers 182
and 184 can be Cu, Al, ferrite or carbonyl iron, stainless steel,
nickel silver, low-carbon steel, silicon-iron steel, foil, epoxy,
conductive resin, and other metals and composites capable of
blocking or absorbing electromagnetic interference (EMI),
radio frequency interference (RFI), and other inter-device
interference. Shielding layers 182 and 184 can also be a
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non-metal material such as carbon-black or aluminum flake
to reduce the effects of EMI and RFI.

In FIG. 10, semiconductor die or components 190 are
mounted to a temporary carrier with contact pads 192 on
active surface 194 oriented toward the carrier. Active surface
194 contains analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active sur-
face 194 to implement analog circuits or digital circuits, such
as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 190 may also contain IPD, such as induc-
tors, capacitors, and resistors, for RF signal processing. A
typical RF system requires multiple IPDs in one or more
semiconductor packages to perform the necessary electrical
functions.

An encapsulant or molding compound 196 is deposited
over the carrier and semiconductor die 190 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 196 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. Encapsulant
196 is non-conductive and environmentally protects the semi-
conductor device from external elements and contaminants.

The intermediate structure is inverted and the temporary
carrier is removed by chemical etching, mechanical peel-off,
CMP, mechanical grinding, thermal bake, laser scanning, or
wet stripping. A build-up interconnect structure 198 is formed
over semiconductor die 190 and encapsulant 196. The build-
up interconnect structure 198 includes an insulating or pas-
sivation layer 200 containing one or more layers of SiO2,
Si3N4, SiON, Ta205, A1203, or other material having simi-
lar insulating and structural properties. The insulating layer
200 is formed using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation.

The build-up interconnect structure 198 further includes an
electrically conductive layer 202 formed in insulating layer
200 using a patterning and deposition process such as PVD,
CVD, sputtering, electrolytic plating, and electroless plating
process. Conductive layer 202 can be one or more layers of
Al Cu, Sn, Ni, Au, Ag, or other suitable electrically conduc-
tive material. One portion of conductive layer 202 is electri-
cally connected to contact pads 192 of semiconductor die
190. Other portions of conductive layer 202 can be electri-
cally common or electrically isolated depending on the
design and function of the semiconductor device.

One or more layers of photoresist are deposited over a
surface of build-up interconnect structure 198 opposite semi-
conductor die 190. A portion of the photoresist is exposed and
removed by an etch development process to form vias. Con-
ductive material, such as Al, Cu, Sn, Ni, Au, Ag, Ti, W, solder,
poly-silicon, or combination thereof, is deposited in the vias
using a selective plating process. The photoresist is stripped
away leaving behind individual conductive pillars 204. In
another embodiment, conductive pillars 204 can be formed as
stud bumps or stacked bumps.

A plurality of discrete semiconductor components 208 is
mounted between conductive pillars 204 to the surface of
build-up interconnect structure 198 opposite semiconductor
die 190. Discrete semiconductor components 208 can be
resistors, capacitors, inductors, or discrete active devices.

An encapsulant or molding compound 210 is deposited
over build-up interconnect structure 198 and discrete semi-
conductor components 208 using a paste printing, compres-
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sive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, spin coating, or other suitable applicator.
Encapsulant 210 can be polymer composite material, such as
epoxy resin with filler, epoxy acrylate with filler, or polymer
with proper filler. Encapsulant 210 is non-conductive and
environmentally protects the semiconductor device from
external elements and contaminants.

An interconnect structure 206 is formed over encapsulant
210. An electrically conductive layer 212 is formed using a
patterning and metal deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating. Con-
ductive layer 212 can be one or more layers of Al, Cu, Sn, Ni,
Au, Ag, or other suitable electrically conductive material.
Conductive layer 212 operates as UBM and RDL for a greater
1/0 pin count.

An electrically conductive bump material is deposited over
conductive layer 212 and electrically connected to conductive
pillars 204 using an evaporation, electrolytic plating, electro-
less plating, ball drop, or screen printing process. The bump
material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layer 212 using a suitable attachment or bonding
process. In one embodiment, the bump material is reflowed
by heating the material above its melting point to form spheri-
cal balls or bumps 214. In some applications, bumps 214 are
reflowed a second time to improve electrical contact to con-
ductive layer 212. The bumps can also be compression
bonded to conductive layer 212. Bumps 214 represent one
type of interconnect structure that can be formed over con-
ductive layer 212. The interconnect structure can also use
bond wires, stud bump, micro bump, or other electrical inter-
connect.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will appre-
ciate that modifications and adaptations to those embodi-
ments may be made without departing from the scope of the
present invention as set forth in the following claims.

What is claimed:

1. A method of making a semiconductor device, compris-
ing:

providing a first semiconductor die including an active

surface;

depositing an encapsulant over the first semiconductor die;

forming a first interconnect structure over the active sur-

face of the first semiconductor die;

disposing a second semiconductor component over the first

interconnect structure and the active surface of the first
semiconductor die; and

forming a second interconnect structure over the first inter-

connect structure opposite the first semiconductor die.

2. The method of claim 1, wherein the second interconnect
structure includes a bump.

3. The method of claim 1, wherein the second interconnect
structure includes a conductive pillar.

4. The method of claim 1, further including disposing a
third semiconductor component adjacent to the second semi-
conductor component.

5. The method of claim 1, further including disposing a
third interconnect structure over the first semiconductor die
opposite the first interconnect structure.

6. The method of claim 1, wherein the second semiconduc-
tor component includes a discrete semiconductor component.
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7. A method of making a semiconductor device, compris-
ing:

providing a first semiconductor die;

forming a first interconnect structure over the first semi-

conductor die;

disposing a second semiconductor die over the first inter-

connect structure and first semiconductor die; and
forming a second interconnect structure over the first inter-
connect structure.

8. The method of claim 7, wherein the second interconnect
structure includes a bump.

9. The method of claim 7, wherein the second interconnect
structure includes a conductive pillar.

10. The method of claim 7, further including depositing an
encapsulant around the second semiconductor die.

11. The method of claim 7, further including disposing a
third semiconductor die over the first semiconductor die.

12. The method of claim 7, further including forming a
third interconnect structure in a peripheral region around the
first semiconductor die.

13. The method of claim 7, further including forming a
conductive layer over the second semiconductor die.

14. A semiconductor device, comprising:

a first semiconductor die;

a second semiconductor die disposed over an active surface

of the first semiconductor die; and

afirst interconnect structure disposed in a peripheral region

around the second semiconductor die.

15. The semiconductor device of claim 14, further includ-
ing a second interconnect structure disposed between the
active surface of the first semiconductor die and the second
semiconductor die.

16. The semiconductor device of claim 14, wherein the first
interconnect structure includes a bump.

17. The semiconductor device of claim 14, wherein the first
interconnect structure includes a conductive pillar.

18. The semiconductor device of claim 14, further includ-
ing a third semiconductor die disposed over the first semicon-
ductor die.

19. The semiconductor device of claim 14, further includ-
ing a second interconnect structure disposed over the first
semiconductor die.

20. The semiconductor device of claim 14, further includ-
ing a conductive layer disposed over the second semiconduc-
tor die.

21. A semiconductor device, comprising:

a first semiconductor die;

a second semiconductor die disposed over the first semi-

conductor die; and

afirst interconnect structure disposed in a peripheral region

around the second semiconductor die.

22. The semiconductor device of claim 21, further includ-
ing a second interconnect structure disposed between the first
semiconductor die and the second semiconductor die.

23. The semiconductor device of claim 22, wherein a con-
tact pad of the second semiconductor die is oriented toward
the second interconnect structure.

24. The semiconductor device of claim 21, further includ-
ing a third semiconductor die disposed over the first semicon-
ductor die.

25. The semiconductor device of claim 21, wherein the first
interconnect structure includes a bump or a conductive pillar.

#* #* #* #* #*



